Background: Inequalities in access to palliative care programs (PCP) by age have been shown to exist in Canada and elsewhere. Few studies have been able to provide greater insight by simultaneously adjusting for multiple demographic, health service, and socio-cultural indicators. Objective: To re-examine the relationship between age and registration to specialized community-based PCP programs among cancer patients and identify the multiple indicators contributing to these inequalities. Methods: This retrospective, population-based study was a secondary data analysis of linked individual level information extracted from 6 administrative health databases and contextual (neighborhood level) data from provincial and census information. Subjects included all adults who died due to cancer between 1998 and 2003 living within 2 District Health Authorities in the province of Nova Scotia, Canada. The relationship between registration in a PCP and age was examined using hierarchical nonlinear regression modeling techniques. Identification of potential patient and ecologic contributing indicators was guided by Andersen's conceptual model of health service utilization. Results: Overall, 66% of 7511 subjects were registered with a PCP. Older subjects were significantly less likely than those Ͻ65 years of age to be registered with a PCP, in particular those aged 85 years and older (adjusted odds ratio: 0.4; 95% confidence interval: 0.3-0.5). Distance to the closest cancer center had a major impact on registration. Conclusions: Age continues to be a significant predictor of PCP registration in Nova Scotia even after controlling for the confounding effects of many new demographic, health service, and ecologic indicators. *All cancer deaths within the Capital District and Cape Breton District Health Authorities. † Final multivariate models. Adjusted for all other factors in the final model. Estimates associated with the population average model with robust standard errors are reported here.
A s the leading cause of death in 2004, 68,300 Canadians died of cancer. 1 Although age standardized mortality rates for most cancers have leveled off or are declining, the number of cancer deaths will continue to climb steeply due to the aging demographic distribution of our society and the overall growth in population size. The resulting need for end-of-life care will drive greater health service utilization by those dying of cancer from a health system that keeps changing to control costs and limit wait times while, at the same time, trying to monitor and evolve standards of care.
The end-of-life period is often a time of considerable health service utilization, substantial service needs, major health care costs, and a time of focusing primarily on quality of life and community-based supportive care rather than on the goals of cure or prolonging survival. Evidence exists in the United Kingdom, the United States, and Australia of inequalities in access to end-of-life care, particularly between age groups, and that attention to these differences is required. [2] [3] [4] [5] [6] [7] In Canada, our early research on end-of-life care in Nova Scotia (NS) focusing on palliative care program (PCP) registration among patients in the urban area of Halifax, found that the percent of individuals who died of cancer having made at least one contact with this PCP rose from 39% in 1992 to 62% in 1997, an increase that may have been due, in part, to the expansion of the program. 8 The Halifaxbased PCP includes an in-patient palliative care unit, hospital and outpatient interdisciplinary team-based consultation and ongoing care, and home-based palliative team care. However, despite this increase in access, this early research also indicated the elderly were the least likely to be cared for by the PCP. Although access did improve for the elderly as well during those years, it remained far behind younger patients. For cancer patients 85 years and older it rose from 22% in 1992 to only 38% in 1997. 8 Even though inequalities in PCP access by age have been shown to exist in Canada and elsewhere, few studies provide greater insight by simultaneously adjusting for multiple demographic, health service, and socio-cultural indicators. Issues of need, health service availability, health service utilization, and factors relating to the social, economic, or cultural effect of an individual's place of residence or "neighborhood" can all potentially affect the estimates associated with PCP access and age.
In this current study, the effect of age on PCP registration among cancer patients is re-examined, but this time all pertinent patient, population, and health system factors available through provincial administrative health databases and 2001 Canadian statistics were used to identify and account for contributing factors to age inequalities.
To guide the identification of these potential contributing factors, Andersen's 9 conceptual model of health service utilization was used ( Fig. 1 ). In this model, primary determinants of health service use and outcomes include environmental factors, population characteristics, and health behaviors. Environmental factors encompass specifics about the health care system such as physician density, funded program availability, and policies. Population characteristics are categorized as: (1) predisposing sociodemographic characteristics; (2) enabling personal, family, and community resources; and (3) evaluated need. Health behaviors include information pertaining to each individual's health service utilization.
Although the information used in this study remains retrospective, it is an important step toward the identification of multiple factors contributing to potential inequalities in registration with PCP programs.
METHODS

Design
This retrospective, population-based study is a secondary data analysis of linked individual level information extracted from 6 (6) provincial SEAscape Continuing Care, homecare information. This latter database was recently developed and only able to provide data pertaining to deaths in 2003. Because we are interested in the end of life, services provided by the physician and hospital were limited to the 6 months or 180 days before the date of death. The last 6 months are commonly used to represent the end of life in studies focusing on care. 10 -15 Administrative health databases are useful when providing information about service delivery. 16 Cancer registry and death certificate information demonstrate a high degree of accuracy and excellent agreement with respect to cancer deaths. 17 In NS, Grunfeld et al 18 report very high reliability between database (OPIS, CHIPCS, DAD) and patient chart information to assess services provided during the end of life. The MSIPS database includes information on physician service billing claims for virtually all NS residents. Because physician billing claims data undergo regular audit and assessment, they are consequently subject to little over-or under-reporting and represent valid indicators of health services utilization. 19 The NS Department of Health and the 2001 Canada Census provided data to create social structure and health system indicators by dissemination area (DA) or neighborhoods. DAs are the smallest, stable, geographic areas for which census information may be obtained. 20 This aggregate information was linked to individual level data using each individual's DA of residence.
Subjects
All adults ( identified from death certificate information ͓International Classification of Diseases, 9th revision (ICD9-CM) and 10th revision (ICD10-CM)͔ with a pathologically confirmed cancer diagnosis recorded in the NSCR were considered as potential subjects. For this study, subjects were limited to residents of 2 District Health Authorities in the province of NS, Canada that collectively represents 54% of the total provincial population.
Measures
The dependent variable, registration with a PCP, was dichotomized as registered versus not registered. A positive indicator of registration was defined as a record of admission or registration in either of the 2 PCP clinical databases. Age, the primary independent variable of interest, was categorized into 4 groups (Ͻ65, 65-74, 75-84, and Ն85 years).
Potential determinants of registration with a PCP, which may contribute to and/or modify age inequalities, were grouped together as environmental factors, population characteristics, or health behaviors. Each was available as either individual level information and/or as aggregate contextual or neighborhood indicators ( Fig. 1 ).
Environmental factors related to the health care system included the distance from each patient's residence to their nearest cancer center (individual level) and the neighborhood level factors of long-term care (LTC) bed supply and family physician density in each individual's residential DA. Year of death was included to provide a proxy for external environment effects related to health system policy, program, and funding changes.
Population characteristics encompassed: (1) predisposing characteristics, (2) enabling resources, and (3) need. Predisposing characteristics included each individual's age, sex, survival time (time from date of diagnosis to death), and social structure contextual indicators. Social structure indicators were developed using 2001 Canada Census information. Using previously developed methods, 21-23 7 contextual indicators were created at the DA or neighborhood level: education (Ն50% vs. Ͻ50% of DA residents were high school graduates), unemployment (Ն10% vs. Ͻ10% were unemployed), living alone (Ն10% vs. Ͻ10% live alone), black community (Ն10% vs. Ͻ10% were black), visible minority community (Ն10% vs. Ͻ10% consider themselves a visible minority), visible minority community excluding black residents (excluding black residents, Ն10% vs. Ͻ10% consider themselves a visible minority), and Francophone community (Ն10% vs. Ͻ10% consider French their mother tongue).
Enabling resources include personal and community resources. Personal resources considered were whether the individual had been in an LTC setting during their last 6 months of life; neighborhood level contextual resources included urban or rural residency and income quintile. At the present time, there is no electronic record of who in the province has been in LTC. However, visits by physicians to patients in such settings are captured in physician claims data (MSIPS) and for some, LTC residency may be ascertained from the death certificate using the postal code. LTC residency was, therefore, defined as a record of at least 1 visit from a physician, as recorded in the MSIPS database, to an LTC facility during the last 6 months of life or from the death certificate, a postal code associated with a LTC facility. Residential postal code and census information at the DA level were used to develop an indicator of urban or rural residency. Urban areas are defined by Statistics Canada as regions with "a minimum population concentration of 1000 persons and a population density of at least 400 persons per square kilometre." 24 All other areas are considered rural. Because of the lack of individual level income information, median family income quintiles were also developed using census information by neighborhood.
A potentially strong indicator of PCP registration and other health service use is an individual's "need" for such care. "Need" for formal palliative care services at the end of life may encompass a variety of factors such as disease severity, physical and mental functioning, and informal caregiver availability. Unfortunately, information pertaining to these "needs" is lacking in retrospective studies, particularly those based on secondary information. 2 Administrative health data are collected primarily for payment and operational reasons and as such are limited to details of the service being provided. Why the service was required is not routinely collected. Therefore, to incorporate some measure of need, proxy indicators were used as estimates of actual or perceived need. Disease burden was estimated by considering the type of cancer causing death and the extent of comorbidities. Comorbidities, other than cancer, were estimated using the Charlson index. [25] [26] [27] [28] The length of time the individual spent as a hospital in-patient (0, 1-14, 15-31, Ն32 days) was considered as a proxy for disease severity and functional limitations.
Other provincially funded health services received during the last 6 months of life potentially impacting registration with a PCP were accounted for at the individual level. These included the total number of physician visits made (Ͻ20, 21-34, 35-49, Ն50); whether the individual had a medical oncology consultation (yes, no); receipt of palliative radiotherapy (yes, no); and for 2003 deaths only, the receipt of homecare services (yes, no). Distributions of health service utilization variables tended to be highly skewed and therefore categorized for analysis.
Analysis
Initial descriptive statistics and bivariate tests of association were followed by logistic regression analysis using hierarchical nonlinear regression modeling techniques. Hierarchical nonlinear regression modeling recognizes the multilevel nature of the data where patients are clustered within geographic DAs or neighborhoods resulting in more accurate standard error estimates and a reduction in the potential of interpreting grouped data at the individual level (ecologic fallacy). 29, 30 To detect the contribution and effect modification of individual and contextual level environmental factors, population characteristics and health behaviors on registration with a PCP by age group, a step-up modeling approach for variable inclusion was used with the intercept set as random and slopes fixed. The addition of contextual level 2 characteristics followed the inclusion of level 1 factors. Odds ratios (ORs) and associated 95% confidence intervals (CIs) are reported. Figure 1 provides a summary of the variables included in analyses and at what level they were considered. Analyses were performed using all subjects and then stratified by age. HLM 6 software 31 was used to perform the hierarchical nonlinear modeling, and SAS for all other analyses. 32 Homecare information was included within a sub-analysis involving 2003 deaths only.
RESULTS
Of the 14,426 eligible Nova Scotians who died due to cancer over the 6-year period, 7511 were residents of 1 of the 2 district health authorities under study and considered as subjects for this study. These 2 authorities encompassed 767 DAs (neighborhoods).
Overall, 65.5% were registered with a PCP. Table 1 summarizes both individual and neighborhood level characteristics by PCP registration status and notes characteristics that varied significantly between registration groups.
The proportion of subjects registered to a PCP over time for each age group is illustrated in Figure 2 . Little age group variation was evident over time. However, the disparity in PCP registration between the age groups is significant (P Ͻ 0.0001).
The initial unconditional multilevel model indicated significant heterogeneity in PCP registration across neighborhoods (P Ͻ 0.0001), thereby supporting the use of level 2 contextual indicators in the model. Table 2 presents the results of the final multivariate, multilevel logistic regression analysis among all individuals and by age grouping. Among all subjects, older individuals remained significantly less likely than those Ͻ65 years of age to be registered with a PCP, in particular those aged 85 years and older ͓adjusted OR (AOR): 0.4; 95% CI: 0.3-0.5͔, after accounting for all retained individual and neighborhood level indicators. Little change in these age estimates was seen with the addition of homecare information in the sub-analysis of 2003 deaths (for those aged 85 years and older AOR: 0.4; 95% CI: 0.2-0.6). Independent effects on PCP registration were associated with both individual and neighborhood level determinants after simultaneously adjusting for all retained factors. Distance to the closest cancer center was a highly significant environmental determinant of PCP registration. Subjects residing less than 51 km from a tertiary cancer center were 8 times more likely to have been registered to a PCP than those living further away. Men were less likely to be registered than women as were individuals who had spent time in an LTC facility before death. Other associated individual level population characteristics included survival, cancer cause of death, and comorbidities. The odds of being registered with a PCP varied with differing cancer causes of death. With the exception of total physician visits, greater health service utilization was associated with a greater likelihood of PCP registration.
Two predisposing and 2 enabling population characteristics at the neighborhood or contextual level were found to have significant independent effects on PCP registration after adjustments for each other and retained individual level factors. Subjects living in Francophone communities were 40% less likely to be registered with a PCP, whereas residents who lived in communities composed of 10% or more visible minorities, other than of black descent, were 30% more likely. Residents in rural regions compared with urban were less likely to be registered as were individuals living in middle and low-middle income neighborhoods compared with upper income. Although estimate magnitudes fluctuated, independent individual level determinants associated with PCP registra- tion following stratification by age remained similar to those identified using all subjects ( Table 2) . From the environmental standpoint, distance to the closest cancer center seemed to be a greater issue among the very elderly. For instance, individuals aged 85 years and over were 17 times more likely to be registered with a PCP if they lived 10 km or less from the cancer center compared with those who lived over 50 km away. For subjects Ͻ65 years, this was still an issue, but not to the same degree. As expected, the likelihood of registration with a PCP among those in LTC decreased with advancing age and was not a significant factor among those Ͻ65 years of age. Only among individuals aged 85 and older were visits to a physician retained in the model. In contrast, neighborhood factors effecting PCP registration seemed to differ by age. Only among those 75 years of age and older did residency in a community composed of 10% or more visible minorities (excluding black descents) remain a significant factor associated with PCP registration. The effect of Francophone community residency on PCP registration was also limited to 2 age groups: individuals Ͻ65 years of age and those between 75 and 84 years were less likely to be registered. Residency in an urban or rural area and neighborhood income did not remain significant factors within individual age groups. One variable not significantly related to PCP registration in the adjusted model among all subjects but important within an age cohort was being a "high school graduate." Age stratification suggests this factor is important among those Ͻ65 years of age where individuals who graduated from high school were twice as likely to be registered.
DISCUSSION
Even after simultaneously accounting for many more patient, population, and health system factors than in previous research, the age inequality in access to a PCP remains. With advancing years, individuals with cancer remain less likely to be registered than their younger counterparts. This is particularly evident among the very elderly, who in this study, were 60% less likely to be registered than those Ͻ65 years. In past studies, some of this disparity was suggested to be due to LTC residency where palliative needs may potentially be met 3, 8 or associated with a greater comorbidity burden and possible alternative treatment options. 33 However, these variables have been controlled for in this study. As expected, individuals who spent at least some time in LTC during the end of life were also less likely to be registered with a PCP, even after adjusting for age. This was especially true for those 85 years and older. Catt et al 34 report underutilization among the elderly in the UK is not explained by differing attitudes to end of life and palliative care. In addition, our first use of homecare information, albeit limited, suggests age disparities are not greatly affected by homecare receipt.
Gender differences in registration were found only in the over 65 age groups, where men were less likely to be registered. We speculate that given the earlier overall mortality among men in general, more men had spousal caregivers available to them than women. Indeed, Grande et al 35 reports that it is the age of the "carer" that is predictive of the need for palliative homecare.
Distance to the cancer center is a major factor influencing access to PCP for the elderly. In this study, each PCP is physically located at the same location as the cancer center. Although in part this distance influence may be a transportation issue, it is also possible that many elderly have made the choice not to access care from the PCP. It is also possible that for cost-efficiency reasons, our PCPs have limitations on the distances to which they are approved for travel to provide services. It was necessary to use proxies for the assessment of "need" for PCP in this study, given the lack of actual patient report or clinical assessment of need. Greater comorbidity was consistently and significantly associated with increased odds of PCP registration. As the burden of comorbidity increased by a factor of "1," the likelihood of PCP registration increased by 10%. Increased hospitalization, particularly among those Ͻ75 years of age, was also predictive of PCP registration.
Contact with specialized cancer services such as palliative radiotherapy and chemotherapy during the end of life was positively associated with PCP registration among all age groups and, in 2003, receipt of homecare services. This is in keeping with Grande et al's 2002 findings that contact with cancer services predicted palliative homecare. 36 Interestingly, PCP registration among individuals living in the lowest income neighborhoods did not differ significantly from registration among those residing in the highest income areas. However, individuals living in middle and lower middle income neighborhoods were less likely to be registered. Perhaps those at the lower end of the income spectrum have or qualify for social services that provide much of the supports needed for care, whereas patients in the lower middle or middle income neighborhoods do not qualify for these services. Patient's residing in the higher end of the income spectrum may have access to alternative resources that facilitate the use of PCP support particularly in the home, such as the ability to pay for expensive pharmaceuticals and equipment. Lackan et al 37 found that Americans with low incomes were less likely to be admitted to hospice. Addington-Hall 4,5 did not find social class predictive of either inpatient or community specialist care. Variations in the details of social support benefits may account for how patients and families access end-of-life care.
We are challenged to explain why having completed high school is only significant in predicting registration for those under age 65. This may be related to the peer network available to each age group and the knowledge of PCP availability.
Our findings regarding minorities differ from the published literature. We found similar access patterns between the black community and the overall population, visible minorities who were not black were more likely to access PCP than Francophone residents. Both Virnig 38 and Lackan 37 found lower use of hospice by blacks and nonwhites. Lackan's studies were not adjusted for other possible covariate influences. The interpretation of these results is challenging. Factors contributing may include how long and well established each minority group might be (for instance longer established black communities with support vs. recent immigrant communities), the cultural appropriateness of the service provided or the availability of health services in the language of the user (Francophone community). These results may also be an artifact resulting from somewhat small numbers and/or our neighborhood level analytic approach. Either way, these factors deserve further investigation from both qualitative and quantitative perspectives.
Limitations
As always, there are limitations when using administrative and census data. Administrative data are very useful to evaluate provincially funded health services used by patients during the end of life, covers the entire population, and allows comparisons over time. 16 Unfortunately, such data do not capture information beyond actual use. It was, therefore, necessary to create proxy estimates of need from available administrative data. In the future, data collection strategies need to be found to gather better information about true needs and treatment preferences of patients or caregivers. DA level data may also wash out individual level effects.
Although the use of contextual or ecologic proxies, in particular income, has become common practice in Canada when individual level information is not available, 23,39 -41 concerns have been raised with respect to misclassification, attenuated findings, and the possibility of "Ecologic Fallacy." [42] [43] [44] [45] [46] Most concede, however, that in the absence of individual measures, ecologic proxies may be the only way to address many questions pertaining to health services and public health. In the literature, the use of ecologic information has been deemed successful. 23, 47, 48 In this study, we have used multilevel modeling techniques in our analysis to reduce this potential.
CONCLUSIONS
This study used improved methods to extend our previous statistical analyses. The multilevel conceptual framework of Andersen 9 applied to this research using multilevel hierarchical modeling has enhanced our ability to look at the interplay of many factors.
It remains that the elderly are the least likely to be registered with a PCP. Factors also contributing to registration include gender, geography, disease, survival, comorbidities, use of other health services, culture/language origin, income, and education. The interplay of these factors is complex as many communities have overlapping characteristics.
In Canada, the health care system is publicly funded and organized much like the United Kingdom and Australia. Similarly, researchers in the United Kingdom and Australia have also reported age disparities in PCP access. 4,5,49 From a health system funding and organization perspective, our results may readily generalize to these countries and others with similar systems. However, we caution that the nature of the health care system may not be responsible for age disparities in PCP registration. We suggest these disparities may be less likely associated with the nature of the health care system and more likely associated with the choices being made by the elderly, their families, or health provider referral bias.
In the future we require finer definitions of "need" before statements can be made beyond inequalities to that of equity. 50 We also require information about patient preferences, such as where they choose to be cared for, the type of care they wish to receive or decline, and information about caregiver availability to the dying in the community. None of this is available in existing administrative data. As a first step, a mortality follow-back survey might be a way to capture some of this information from key informants who were close to the decedents before death. 51 
